In this study, the effects of incubation time and the method of soil solution 9 extraction and filtration on the empirical distribution coefficient (Kd) obtained by 10 de-sorbing indigenous selenium (Se) and iodine (I) from arable and woodland 11 soils under temperate conditions were investigated. 12 Incubation time had a significant soil-and element-dependent effect on the Kd 13 values, which tended to decrease with the incubation time. Generally, a four-14 week period was sufficient for the desorption Kd value to stabilise. Concurrent 15 solubilisation of soil organic matter (OM) and release of organically-bound Se 16 and I was probably responsible for the observed decrease in Kd with time. This 17 contrasts with the conventional view of OM as a sink for Se and I in soils. 18 Selenium and I Kd values were not significantly affected by the method of soil 19 solution extraction and filtration. 20 The results suggest that incubation time is a key criterion when selecting Se 21 and I Kd values from the literature for risk assessments. Values derived from 22 desorption of indigenous soil Se and I might be most appropriate for long-term 23 assessments since they reflect the quasi-equilibrium state of their partitioning 24 in soils. 25
Introduction
28 Sorption is a generic term encompassing processes such as adsorption, ion 29 exchange and precipitation. It controls, to a large extent, the transport and 30 accumulation of substances in the environment. The empirical distribution 31 coefficient (Kd) is often used in transport and risk assessment models (e.g. 32 Almahayni, 2014) to aggregate many poorly understood or multi-parameter 33 The solid-to-liquid ratio varies considerably between Kd determination methods. 46
For example, in their review of the sorption coefficients of a suite of elements 47 on iron hydroxides, Li and Kaplan (2012) reported solid-to-liquid ratios that 48 varied over two orders of magnitude. This variation could affect Kd as indicated 49 by Sheppard et al. (2007) who noted that Kd values from batch experiments 50 with a 1:10 soil:water ratio were higher than those from soils incubated at field 51 capacity. As Kd is typically used to estimate retention against leaching, 52 Sheppard et al. (2007) suggested that it is preferable to measure Kd at moisture 53 contents close to, or slightly above, field capacity because that is when leaching 54 occurs. In any case, Kd values should be determined using a solid-to-liquid ratio 55 that is as representative as possible of natural conditions (Limousin et al., 56 2007) . 57
Contact time between the solid and liquid phases during a Kd experiment often 58 varies between hours and weeks (e.g. Vandenhove This study focused on selenium and iodine, both of which have important stable 74 and radio-isotopes. From a non-radiological perspective, deficient or exessive 75 intake of either Se or I can result in serious human or animal health problems 76 (Chen, 2012; Lei et al., 2011; Zimmermann et al., 2008) . From a radiological 77 perspective, the radioactive isotopes of Se ( 79 Se, t1/2 of 3.27 × 10 5 years) and I 78 ( 129 I, t1/2 of 1.61 × 10 7 years) could give rise to additional radiological exposure 79 to humans and non-human biota following their release into the environment 80 (e.g. from waste repositories). 81
The objectives of this study were to: Table 1 . 97
Soil incubation experiments
98 Soil microcosms were prepared as described by Sheppard et al. (2009) . 99
Approximately 60 g of air-dried, sieved soil were weighed into a plastic syringe 100 body. Deionised water was slowly added to the syringe to bring the soil to field 101 capacity. The final moisture content at field capacity was approximately 30% 102 for the arable topsoil, subsoil and the woodland subsoil and 45% for the 103 woodland topsoil. All syringes were sealed with a parafilm membrane, to reduce 104 moisture evaporation, and incubated at 10˚C in a temperature-controlled room 105 awaiting sampling. Eh was measured in all microcosms immediately prior to soil solution extraction 135 using a calibrated combination electrode (Thermo Scientific ORP 136 glass/platinum electrode) and a high impedance pH/Eh meter. The calibrated 137 electrode was inserted half-way through the wet soil and the reading allowed to 138 stabilise before recording. All values were corrected by adding the standard 139 potential (185 mV) of the combination electrode to the recorded raw potentials. 140
Chemical analyses

141
For the determination of total elemental composition, samples of the sieved 142 soils (< 2 mm) were ground in an agate planetary ball mill before acid digestion. 143
Approximately 250 mg of finely ground soil was digested in PFA Teflon vessels 144 with 2.5 mL hydrofluoric acid (HF; 40% Analytical Reagent), 2 mL nitric acid 145 (HNO3; 70% Trace Analysis Grade), 1 mL perchloric acid (HClO4; 70% AR) and 146 2.5 mL H2O on a 48-place Teflon-coated graphite block digester. 147
Total soil I was extracted with tetra methyl ammonium hydroxide (TMAH) from 148 finely ground soil samples following the method of Watts and Mitchell (2009) . 149
Soil and soil solution Se, I and multi-elements were determined by ICP-MS 150 (Model X-Series II , Thermo-Fisher Scientific, UK) on the digests after dilution in 151 MQ water. The ICP-MS was operated in collision cell mode (to reduce 152 polyatomic interferences) with hydrogen as the cell gas for Se analyses and 7% 153 hydrogen in helium for the multi-element analyses. For Se analyses, 69 Ga, 115 In 154 and 193 Ir, in 2% HNO3 and 4% methanol, were used as internal standards 155 (methanol was added to improve the ionisation efficiency, stability and 156 sensitivity of the instrument). For the multi-element analyses, 45 reported for British surface soils (Whitehead, 1979) and comparable with the 5 176 mg kg -1 worldwide average for surface soils (Whitehead, 1984) . The Kd varied significantly between the topsoils and the subsoils. Selenium Kd 205 was higher (p<0.01) in the topsoil than in the subsoil by less than a factor of 2 206 in the arable land and by a factor of 5 in the woodland. Iodine Kd in the topsoil 207 was more than a factor of 3 higher (p=0.05) in the arable land and a factor of 4 208 higher in the woodland (the difference in the woodland was not statistically The Kd values of indigenous Se in Table 2 tend to be are consistently higher 215 than those reported in the literature from sorption of exogenous (i.e. freshly 216 added) Se in soils with a similar texture. For instance, the mean Kd value in 217 Table 2 for the arable topsoil is higher than the in-situ 5 L kg -1 and 46 L kg -1 218 values determined by Ashworth and Shaw (2006b) from sorption of 75 Se in a 219 sandy loam topsoil under different soil water regimes. The value in Table 2 is 220 also higher than the 138 L kg -1 and 116 L kg Table 2 are higher, within the experimental error, than the 226 mean Kd value (200 L kg -1 , n=172) reported in the IAEA (2010) compendium 227 for a wide range of soils and experimental conditions. 228
For indigenous I, the mean Kd value in Table 2 for the arable topsoil is higher 229 than the 2 L kg -1 and 7 L kg -1 values determined by Ashworth and Shaw (2006a) 230 from sorption of 125 I in a sandy loam topsoil. Iodine Kd values presented in Table  231 2 are also considerably higher than these reported by Shetaya et al. (2012) for 232 sorption of 129 I in the arable and woodland soils, which were obtained by fitting 233 a range of mathematical models (e.g. (ir)reversible first order and spherical 234 diffusion models) to experimental data. Additionally, the mean Kd values for all 235 soils in Table 2 are higher than the mean Kd value (7 L kg -1 , n=250) reported in 236 the IAEA (2010) compendium for a wide range of soils and experimental 237 conditions. 238
The higher Kd values of indigenous Se and I could be partially ascribed to slow 239 fixation (i.e. aging) of these elements in the arable and woodland soils. Aging 240 has been shown to control Se and I mobility in soils. Li 
